Two alternative 15 GeV injectors have been considered for the 15 to 100 GeV, four-bunch version of the e+e-storage ring LEP1: i) a synchrotron operating with four bunches and cycling at a rate of 0.4 Hz, and ii) a storage ring (SR) which is capable of holding the full charge of one LEP beam in 48 bunches.
Requirements
The choice of the injection energy for LEP is the result of a compromise.
Higher injection energies are preferred, as these would minimize remanent field effects and provide stronger magnetic fields for the distributed ion pumps.
The beams are also more stable at higher energies.
However, cost and complexity of the injector favours a low energy.
Consideration of all these factors leads to the choice of 15 GeV for the nominal energy of the injector.
The average luminosity of LEP is an important parameter for physics experimentation.
It is lower than the peak luminosity due to the finite lifetime of the beam and the filling time, but can be maximized by proper choice of the time between successive refills. Figure 1 shows the result for LEP indicating that a filling time ofabout 15 min is desirable in order to provide adequate average luminosity.
The optimum physics running time is 1.5 h at 70 GeV. Given the relatively high bunch charge in LEP and the difficulties in handling high beam intensities at low energy, one cannot envisage an injector which would provide all four complete LEP bunches per pulse or even only one bunch.
The final bunch will be made up of many injector bunches, which in turn are the result of an accumulation process at lower energy.
Since the bunches are added in betatron phase space to those already stored, the total acceptance of LEP together with the equili- ii) A storage ring4 of 15 GeV which accumulates all the particles of one kind at low energy and accelerates them slowly to LEP injection energy.
The accumulation proceeds in two steps: collection of the total charge in many bunches at low energy in the storage ring itself, and combination into four bunches during injection into LEP. Operating with many bunches avoids high bunch charges, and the storage ring offers a large number of collecting buckets so that its injector can run at a high repetition rate. Both solutions have their merits and shortcomings. In order to explore the influence of a particular choice on LEP performance and cost, it was decided to study both systems in more detail.
Injection system with a 15 GeV synchrotron
Positron generation, which is the bottleneck during LEP fills, determines the layout and the parameters of the pre-injector which consists of an S-band linac feeding the small accumulation ring (ACR). Thus, the damping rate required in ACR is only a fraction of the average pulsing rate of the gun and, consequently, the energyof ACR and of the positron linae can be low.
During the electron fill, the electrons pass through both linacs, with two sections passive and the converter removed; they are accumulated in the same manner as the positrons.
The ACR is a separated function machine with its circumference determined by the minimum risetime of the kickers which have to act on individual bunches for injection and ejection. In order to let the linac refill between successive gun pulses, the spacing between these pulses corresponds to three bunch spacings (294 ns) in BSY which operates with four bunches.
The natural damping time (1.6 s) of SRI at 2 GeV is shortened to 0.48 s by 16 wiggler magnets so that SRI can accept four bunches every 80 ms with good efficiency.
The storage ring will usually be filled with e+ while LEP is running, so the positron filling time of SRI is not relevant except when starting up or for unscheduled fills after loss of beam.
If it is assumed rather arbitrarily that the SRI has to be filled in 20 min with positrons, a 200 MeV e-linac is required.
The energy of the positron linac is determined by the acceptance of BSY at injection. 
Filling Procedure of LEP
Positron filling is performed first in both injector versions; the more critical setting up for the e+ fill being done when LEP is still running for physics.
The filling cycle starts with the dumping of the highenergy beams in LEP.
Within the next minute the LEP magnets are taken through the appropriate cycle and the low-5 insertions are detuned to reduce the machine sensitivity during injection and acceleration.
In the synchrotron version, the injector then provides the positrons in 240 cycles.
After setting up the linacs for electrons in about 1 min, the synchrotron accelerates 30 pulses of electrons.
Assuming one minute for acceleration to high energy in LEP and for retunina of the low-6 sections, LEP is ready again for physics experiments after about 14 min.
In the storage ring version, all the positrons required for LEP are accumulated prior to the dumping of the beams in LEP and they are accelerated to 15 GeV during the time required to adjust the magnets in LEP to 15 GeV.
The positrons are then transferred within a few seconds.
After resetting of SRI to 2 GeV, the electrons are accumulated, accelerated and sent to LEP.
The whole e-fill is estimated to last 4 min.
Adding 2 niin for the manipulations in LEP gives in total a 6-min interruption of the experiments.
In both systems, ISY and SRI, e+ and e-will circulate in opposite directions in all machines. While this doubles all the low-energy transfer equipment, it reduces the switching time from e+ to e-operation. Beam transfer at 15 GeV has two channels anyway, the two injection points in LEP. being symmetric to an interaction point. The ISY system is cheaper by about 15% because the beam intensity in the synchrotron is much lower than in the storage ring.
Consequently, the synchrotron can have a smaller radius and a less powerful RF system; also the vacuum system is simpler. However, this drawback for SRI may be offset by the higher average luminosity provided by SRI (cf. At the moment, the synchrotron version is favoured because it is operationally much more flexible and convenient.
The beam intensity is lower and the setting up of LEP injection is easier since test pulses of normal intensity are readily available in quick succession. 
